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(57) ABSTRACT

Tool with optional wear-protection coating has, as an outer
layer arranged on top of the substrate body or wear-protec-
tion coating, a single-layer wear-recognition layer (A) or a
multilayer wear-recognition layer (B) comprising at least 4
individual layers arranged one above another, said layer or
layers being produced by depositing elemental metals, metal
alloys or electrically conductive metal compounds with a
PVD process. Individual layer of (A) or at least one indi-
vidual layer of (B) contain at least two different metals, the
wear-recognition layer comprises a region produced by
anodic oxidation from the upper surface down to a penetra-
tion depth that does not extend over the entire thickness of
the wear-recognition layer, and the individual layer of (A) or
the at least one individual layer of (B) has at least two
different phases before the anodic oxidation and in the
regions of the wear recognition layer that are not anodically
oxidized.
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1
CUTTING TOOL WITH
WEAR-RECOGNITION LAYER

RELATED APPLICATIONS

The present application is a U.S. National Phase Appli-
cation of International Application No. PCT/EP2013/
065547, filed 23 Jul. 2013, which claims priority to German
Application No. 10 2012 107 130.6, filed 3 Aug. 2012.

OBIJECT OF THE INVENTION

The present invention relates to a tool, consisting of a
substrate body, preferably made of hard metal, cermet,
ceramic, steel or high-speed steel, optionally a single-layer
or multi-layer wear protection coating deposited on the
substrate body and a wear recognition layer arranged as the
outermost layer over the substrate body or wear protection
coating, and to a method for the production of the tool.

BACKGROUND OF THE INVENTION

Cutting tools, particularly those for metal-removing
machining, which also include changeable cutting inserts
and cutting plates, comprise a substrate or a basic body with
a single-layer or multi-layer wear protection coating depos-
ited optionally thereon. The substrate is usually made of
hard metal, cermet, ceramic, steel or high-speed steel and the
wear protection coating of hard substances which are
applied by the CVD or PVD process. The coating with hard
substances is designed to improve the cutting properties of
the tool for a particular application and to reduce the Wear
of the tool.

It is also known for cutting tools to be provided with a
usually thin outermost layer having a decorative and/or
indicative function, for example an outermost layer of TiN,
ZrN, TiC, HfC or HfN which expediently differs in colour
from the underlying wear protection coating. In addition to
having a purely decorative purpose, such layers can also
advantageously serve for wear recognition as when the tool
is used they wear and the underlying layer becomes visible,
so that it can be seen with the naked eye whether a tool has
already been used and how intensively.

EP 1 762 638 describes a cutting insert consisting of a
hard metal substrate and a multi-layer coating of hard
material for protection against wear and an outermost
indicative layer of ZrN which is initially applied with a
thickness of <1 pm by means of PVD and is then removed
again from the cutting face and the cutting edge by brushing
or abrasive blasting as the layer of ZrN as such has unfa-
vorable tribological properties which can have a disadvan-
tageous influence on the cutting properties at the cutting
edge and cutting face.

DE 10 2004 010 285 and DE 100 48 899 also describe
cutting tools with an indicative covering coating of golden
yellow TiN or of TiC, HfC or HfN which differ in colour
from the underlying wear protection coating, and are
designed to make it possible to differentiate between a used
cutting tool and an unused cutting tool with the naked eye.

The breadth of colour variation of the known covering
layers with a decorative and/or indicative function, which
are referred to in the following as wear recognition layers,
is extremely limited. The nitrides and carbides used very
frequently for wear recognition layers have for example a
golden yellow colour. Apart from this, some of the known
wear recognition coatings have disadvantageous tribological
properties which have a disadvantageous effect on the metal
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cutting process and the wear characteristics of the tools.
Some of the known materials used for the production of
wear recognition coatings are also not sufficiently stable
when exposed to the high temperatures or temperature
changes occurring in many metal machining processes.

Objective

Therefore, the underlying objective of the invention was
to provide a coating for cutting tools with a decorative
and/or indicative function (wear recognition layer) which is
comparatively easy and inexpensive to produce, allows good
wear recognition, is temperature-stable, has fewer tribologi-
cally disadvantageous influences on the cutting process and
the wear characteristics of the tool and at the same time can
be produced in a broader variety of colours than known wear
recognition coatings.

Description of the Invention

According to the invention, this objective is achieved by
a tool, consisting of a substrate body, preferably made of
hard metal, cermet, ceramic, steel or high-speed steel,

optionally a single-layer or multi-layer wear protection
coating deposited on the substrate body and

a single-layer wear recognition layer (A) arranged as the
outermost layer over the substrate body or the wear protec-
tion coating, or a multi-layer wear recognition layer (B)
comprising at least four individual layers arranged one over
another, produced by deposition of elemental metals, metal
alloys or electrically conductive metal compounds by the
PVD process, wherein

the individual layer of the single-layer wear recognition
layer (A) or at least one individual layer of the multi-layer
wear recognition layer (B) contains at least two different
metals,

the wear recognition layer comprises a region produced
by anodic oxidation of the material of the wear recognition
layer from the outer surface of the wear recognition layer to
a depth of penetration which does not extend beyond the
total thickness of the wear recognition layer,

the individual layer of the single-layer wear recognition
layer (A) exhibits a thickness in the range of from 100 nm
to 10 um or each individual layer of the multi-layer wear
recognition layer (B) exhibits a thickness in the range of
from 0.5 nm to 1 um and

the individual layer of the single-layer wear recognition
layer (A) or the at least one individual layer of the multi-
layer wear recognition layer (B) containing at least two
different metals exhibits at least two different phases prior to
the anodic oxidation and in the regions of the wear recog-
nition layer not oxidised anodically.

The present invention comprises and differentiates
between forms of embodiment with a single-layer wear
recognition layer (A) which is also referred to as a mono-
layer structure, and forms of embodiment with a multi-layer
wear recognition layer (B) which is also referred to as a
multi-layer structure.

The single-layer wear recognition layer (A) comprises
only a single layer but which due to the anodic oxidation
carried out after the PVD deposition of the layer comprises
a region extending from the outer surface of the wear
recognition layer into the layer in which the material of the
layer is present in oxidised state, and a region extending
from the oxidised region to the surface of the substrate body
or the wear protection coating in which the material of the
layer is present in the non-oxidised state.
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The multi-layer wear recognition layer (B) comprises at
least four individual layers and can preferably comprise up
to 2000 individual layers, wherein the wear recognition
layer (B) due to the anodic oxidation carried out after the
PVD deposition comprises a region extending from the outer
surface of the outermost individual layer into the multi-layer
wear recognition layer (B) in which the material is present
in the oxidised state, and a region extending from the
oxidised region to the surface of the substrate body or the
wear protection coating in which the material of the layer is
present in the non-oxidised state. The depth of penetration of
the anodic oxidation can extend over a plurality of indi-
vidual layers. Alternatively, only the outermost individual
layer of the multi-layer wear recognition layer (B) can also
be oxidised anodically. Preferably the anodic oxidation ends
at the interface between two individual layers inside the
multi-layer wear recognition layer (B).

The wear recognition layer according to the invention
exhibits significant advantages compared with known deco-
rative and indicative layers, such as for example TiN, which
due to its high affinity to cast iron for example, has disad-
vantages as a coating for tools for machining such materials.
At its surface the wear recognition layer according to the
invention has oxidic properties which can have major advan-
tages compared with known nitride or carbide layers from
tribological viewpoints. Thus, these tribologically advanta-
geous properties reduce unfavorable influences on the cut-
ting properties and the wear characteristics of the tool.

Depending on the metals employed or the electrically
conductive metal compounds employed and the extent of the
anodic oxidation and the layer thickness, the wear recogni-
tion layers according to the invention exhibit good to high
level temperature stability, for which reason they are par-
ticularly suitable for tools for metal-removing machining in
which very high temperatures or temperature change
stresses occur frequently.

A further advantage of the wear recognition layers accord-
ing to the invention is that depending on the metals used or
the electrically conductive metal compounds used and the
extent and depth of penetration of the anodic oxidation, a
very intensive colour effect, a very large number of different
colours and levels of brightness which cover almost the
entire visible colour spectrum, can be produced. In this way
not only can external surface coatings be produced serving
for wear recognition, but also tools can be marked by
different colourings so that the user can discriminate
between different sorts of tool or types of tool on the basis
of'the colour alone. Thus, the wear recognition layer accord-
ing to the invention can exclusively have a wear recognition
function or can serve for colour coding of the tools in
addition to the wear recognition function. In comparison
with known wear recognition layers, the wear recognition
layers according to the invention can exhibit a much higher
brilliance of colouring. The voltages required for the anodic
oxidation when producing the wear recognition layers
according to the invention can vary.

Without tying themselves to a theory in this connection,
the inventors assume that the colouring effect of the wear
recognition layer according to the invention is based on the
reflection of light which impinges on the non-oxidised inner
region of the wear recognition layer through the outer region
of the wear recognition layer produced by anodic oxidation.
Interference effects provide the colours to be observed. In
particular cases, the colouring effect can also be based on the
inherent colour of the anodically oxidised outer region of the
wear recognition layer.
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One essential feature of the present invention is that the
individual layer of the single-layer wear recognition layer
(A) or the at least one individual layer of the multi-layer
wear recognition layer (B) containing at least two different
metals exhibits at least two different phases prior to the
anodic oxidation and in the regions of the wear recognition
layer not oxidised anodically. It was surprisingly discovered
that due to the presence of at least two different phases in at
least one individual layer of the wear recognition layer,
different shades of colour can be produced to those in known
or comparable coatings in which the individual layers do not
exhibit at least two different phases in at least one individual
layer.

For the purposes of the present invention, the term
“phase” within a multi-phase layer of the wear recognition
layer denotes regions of identical crystal structure and
chemical composition. Two different phases for the purposes
of the present invention exhibit either the same crystal
structure and a different chemical composition, a different
crystal structure and the same chemical composition or a
different crystal structure and a different chemical compo-
sition.

The multi-phase nature of the individual layer of the
single-layer wear recognition layer (A) prior to the anodic
oxidation and in the regions not oxidised anodically can be
demonstrated according to the invention in the X-ray dif-
fraction spectrum. The specialist in the art will be familiar
with the method and will immediately see from the spectrum
whether the layer is a single phase or two-phase or multi-
phase layer. In a multi-layer wear recognition layer (B)
comprising at least four individual layers arranged one over
another, the precise assignment of a plurality of different
phases to just one layer of the multi-layer wear recognition
layer in the X-ray diffraction spectrum is not immediately
possible as the method measures as a whole over a plurality
of layers. However, the multiple phases within an individual
layer which contains at least two different metals can be
demonstrated by transmission electron microscopy (TEM)
on a test piece with a prepared cross-section by means of
electron diffraction (ED). Obviously, this method is also
suitable for demonstrating the multiple phases of the indi-
vidual layer of the single-layer wear recognition layer (A).

In a first variant of the present invention, the wear
recognition layer has a single layer, i.e. it consists of an
individual layer produced by deposition of at least two
different metals in elemental form, in the form of metal alloy
or in the form of electrically conductive metal compounds
by the PVD process. The individual layer exhibits a thick-
ness in the range of from 100 nm to 10 pm and at least two
different phases. If the individual layer contains for example
two different metals M1 and M2, the different phases can be
a first metallic phase of the metal M1, a second metallic
phase of the metal M2 and an intermetallic phase of the
metals M1 and M2. The different phases can be demon-
strated in the X-ray diffraction spectrum. It was found
surprisingly that with a single-layer wear recognition layer
consisting of a single layer with at least two different metals
and at least two different phases within the single layer,
colours of greater brilliance and clarity can be obtained than
with a single layer containing only a single metal.

In a second variant of the present invention, the wear
recognition layer has multiple layers, i.e. it consists of at
least four individual layers deposited by the PVD process
and arranged one over another. Each individual layer con-
tains either a metal or a plurality of different metals, wherein
metals in elemental form, in the form of metal alloy or
electrically conductive metal compounds can be deposited.
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Each individual layer of the multi-layer wear recognition
layer exhibits a thickness in the range of from 0.5 nm to 1
um. At least one individual layer of the multi-layer wear
recognition layer exhibits at least two different phases.
After the PVD deposition, the wear recognition layer is
subjected to anodic oxidation. During the anodic oxidation,
the coated tool is connected as anode in an electrolyte bath.
The oxidation takes place at a predetermined voltage which
for example can lie in the range of from 20 to 150 V and also
outside this range, for a selected period of time which can lie
in the range of from 10 to 300 seconds or outside this range.
The voltage applied, the duration of the oxidation, the
selected electrolyte and finally the composition of the wear
recognition layer are the essential parameters which deter-
mine the depth of penetration of the anodic oxidation from
the outer surface of the wear recognition layer in the
direction of the substrate. Depending on the depth of pen-
etration, different colour effects are obtained. The param-
eters of the anodic oxidation are chosen so that the oxidation
takes place to a depth of penetration which does not extend
over the total thickness of the wear recognition layer, as it is
assumed that the colouring effect of the wear recognition
layer according to the invention is based on the reflection of
light on the non-oxidised inner region of the wear recogni-
tion layer. It is therefore advantageous to obtain such a
non-oxidised region of the wear recognition layer by adjust-
ment of the depth of penetration of the anodic oxidation.
The phases which are present inside an individual layer
containing at least two different metals prior to the anodic
oxidation and in the regions which have not been oxidised
anodically can be identified by means of X-ray diffraction
analysis and/or TEM. In the regions of the wear recognition
layer which were subjected to anodic oxidation, different
phases are no longer discernible in the X-ray diffraction
spectrum or TEM. The methods of X-ray diffraction analysis
and TEM will be known to the specialist in the art and
require no further explanation. The differentiation of the
different phases in an X-ray diffraction spectrum can be
carried out by comparing the peak positions with those of
corresponding known references. For example, phases of the
individual metals are identified by comparison with the
reference spectra of the pure metals and intermetallic phases
by comparison with the reference spectra of the correspond-
ing alloys. The differentiation of the different phases by
means of TEM is effected by means of electron diffraction.
In one preferred form of embodiment of the invention, the
individual layer of the single-layer wear recognition layer
(A) exhibits a thickness of from 250 nm to 5 pum, preferably
of from 400 nm to 2 pum, particularly preferably of from 500
nm to 1.2 um. If the individual layer of the single-layer wear
recognition layer (A) is too thin, there is a danger that the
anodic oxidation will take place over the total thickness of
the wear recognition layer down to the underlying wear
protection coating or down to the substrate and the wear
protection coating or the substrate is attacked by the usually
acid electrolyte of the anodic oxidation. If the individual
layer of the wear recognition layer with a monolayer struc-
ture is too thick, this has a disadvantageous effect on the
tribological properties of the coating and hence a disadvan-
tageous effect on the metal cutting process and the wear
characteristics of the tools. Apart from this, if the individual
layer is too thick, there is a danger that the layer is easily
detached from the substrate or the wear protection coating
during the cutting process.
In one preferred form of embodiment of the invention, the
multi-layer wear recognition layer (B) comprises 4 to 2000,
preferably 20 to 500, particularly preferably 50 to 100
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individual layers arranged one over another. The individual
layers are very thin, preferably they exhibit a thickness of
from 5 nm to 250 nm, particularly preferably of from 10 nm
to 100 nm. If the number of individual layers is too low, with
the reduced thickness of the individual layers there is a
danger that the anodic oxidation will take place over the total
thickness of the wear recognition layer down to the under-
lying wear protection coating or down to the substrate and
the wear protection coating or the substrate is attacked by the
usually acid electrolyte of the anodic oxidation. If the
number of individual layers is too high, the total thickness
of the wear recognition layer is very large, which can have
an unfavorable effect on the tribological properties of the
coating and thus an unfavorable effect on the cutting process
and the wear characteristics of the tools. Apart from this, if
the wear recognition layer is too thick, there is a danger that
the layer will become easily detached from the substrate or
the wear protection coating during the cutting process.

In a further preferred form of embodiment of the inven-
tion, the metals contained in the single-layer wear recogni-
tion layer (A) or the multi-layer wear recognition layer (B)
are selected from Nb, Ti, Zr, Al, Ta, W, Hf, V, Mo and Si. If
electrically conductive metal compounds are deposited in
the PVD process, these are preferably selected from nitrides,
carbides and borides of the previously named metals pro-
vided these are electrically conductive.

The metals contained in the individual layer of the single-
layer wear recognition layer (A) or in the individual layer of
the multi-layer wear recognition layer (B) containing at least
two different metals are quite particularly preferably Ti and
Si. This combination of the metals Ti and Si delivers brilliant
colours and allows the production of a large number of
different colours in the visible spectrum. In the X-ray
diffraction spectrum of an individual layer containing only
the metals Ti and Si, at least three phases are identified, a
metallic Ti phase, a metallic Si phase and at least one
intermetallic TiSi phase, the proportion of the metallic Ti
and Si phases estimated from the X-ray diffraction spectrum
being high in relation to the at least one intermetallic TiSi
phase.

An X-ray diffraction spectrum of an individual layer
which only contains the metals Ti and Si is shown in FIG.
1. The individual layer was deposited by the arc PVD
process from a composite target containing Ti and Si in an
atomic % ratio of 85:15 with a layer thickness of 0.8 um with
an evaporator current of 160 A, an Ar pressure of 2 Pa and
a bias of 10 V.

In a further preferred form of embodiment of the inven-
tion, the metals contained in the individual layer of the
single-layer wear recognition layer (A) or in the individual
layer of the multi-layer wear recognition layer (B) contain-
ing at least two different metals are deposited by the PVD
process from mixed metal targets which contain all the
metals present in the individual layer.

In a further preferred form of embodiment of the inven-
tion, the multi-layer wear recognition layer (B) exhibits a
total layer thickness of from 2 nm to 20 pum, preferably of
from 10 nm to 5 um, particularly preferably of from 100 nm
to 1 um. If the total layer thickness is too small, there is a
danger that the anodic oxidation will take place over the total
thickness of the wear recognition layer down to the under-
lying wear protection coating or down to the substrate and
the wear protection coating or the substrate is attacked by the
usually acid electrolyte of the anodic oxidation. If the total
layer thickness of the wear recognition layer is too large, this
can have a disadvantageous effect on the tribological prop-
erties of the coating and hence a disadvantageous effect on
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the cutting process and the wear characteristics of the tools.
Apart from this, if the wear recognition layer is too thick,
there is a danger that the layer will detach easily from the
substrate or the wear protection coating during the cutting
process.

In one particularly preferred form of embodiment of the
invention, a single-layer or multi-layer wear protection
coating, preferably a multi-layer wear protection coating,
which preferably comprises at least one electrically non-
conductive layer and particularly preferably comprises an
aluminium oxide layer, is arranged on the substrate body
under the wear recognition layer.

The application of the wear recognition layer according to
the invention over a non-conductive wear protection layer,
quite particularly preferably over an aluminium oxide layer,
which due to its hardness and resistance to wear is advan-
tageously employed in many tools for metal-cutting machin-
ing as a wear protection layer, on its own or in combination
with other layers of hard material, has the particular advan-
tage that during the process of anodic oxidation of the wear
recognition layer so-called punctures cannot occur during
the anodizing process due to the non-conductive layer lying
underneath it. Then, the wear recognition layer can be made
very thin.

In a further preferred form of embodiment of the inven-
tion, the PVD processes for application of the individual
layer or individual layers of the wear recognition layer from
metal, metal alloy or electrically conductive metal com-
pound can be selected from arc evaporation, HIPIMS and
dual magnetron sputtering. Targets of different composition
are used for the deposition of the multi-layer wear recogni-
tion layer according to the different layer compositions.
Here, the deposition can be effected from the different
targets using the same PVD process. However, different
PVD processes can also be used for the different targets. A
multi-layer wear recognition layer with alternating different
layer compositions, in particular when very thin layers are to
be produced, can be deposited in a PVD process in which the
different targets are distributed in different positions in the
reactor and the side of the tool body to be coated is run past
the different targets repeatedly in turn, for example by
multiple rotation on an indexing table or the like.

In a further preferred form of embodiment of the inven-
tion, the wear recognition layer is removed again from
selected regions of the tool, preferably by an abrasive
blasting process with a particulate blasting medium, by
grinding or by brushing. It may be desirable for certain
regions of the tool to exhibit the surface of the substrate
body or the wear protection coating as the outermost surface,
for example on the cutting edge and on the face, when a wear
recognition layer in these regions might impart unfavorable
properties to the tool for the particular proposed application,
or simply in order to impart a desired optical character to the
tool. In addition, the abrasive processes can be used to
remove the wear recognition layer, such as for example
blasting methods or brushing, in order to smooth the surface
roughness of the corresponding regions or to influence the
inherent stress conditions in the wear protection coating and
optionally also the outer substrate regions. As is known,
blasting processes with particulate blasting media can be
used to relieve tensile stresses in layers of hard materials
and/or to apply compressive stresses, with which for
example the adhesion and wearing properties of the layers
can be improved.

The anodic oxidation of the wear recognition layer is
effected in an electrolyte bath with a DC voltage and for a
time which are selected so that the anodic oxidation is
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effected from the outer surface of the wear recognition layer
to a depth of penetration which is less than the total
thickness of the wear recognition layer. An example of a
suitable electrolyte bath is an aqueous solution with 25-50%
phosphoric acid and 1-5% oxalic acid.

The invention also comprises a method for the production
of a tool of the kind according to the invention previously
described herein in which a wear recognition layer of the
kind according to the invention described herein is applied
by means of a PVD process to a tool consisting of a substrate
body made of hard metal, cermet, ceramic, steel or high-
speed steel, which optionally exhibits a single-layer or
multi-layer wear protection coating deposited on the sub-
strate body and then the wear protection layer is subjected to
anodic oxidation in an electrolyte bath. The anodic oxidation
is expediently carried out with a DC voltage and for a time
which are selected so that the anodic oxidation is effected
from the outer surface of the wear recognition layer to a
depth of penetration which is less than the total thickness of
the wear recognition layer. The method is simple and
inexpensive and offers the possibility of producing many
different colourings.

For the purposes of the original disclosure, it is pointed
out that all the features as revealed to a specialist in the art
from the present description and the dependent claims, even
when they were described in concrete terms only in con-
junction with certain further features, can be combined both
individually and also in any combinations with others of the
features or groups of features disclosed here, provided this
was not expressly excluded or technical reasons make such
combinations impossible or pointless. No comprehensive
explicit description of all the conceivable combinations of
features will be given here solely to keep the description
brief and legible.

Further advantages, features and possible applications of
the present invention will be explained further with refer-
ence to the following examples and the figures.

FIGURES

FIG. 1 shows the X-ray diffraction spectrum of a wear
recognition layer containing the metals Ti and Si according
to example 1 prior to the anodic oxidation.

FIG. 2 shows the X-ray diffraction spectrum of a wear
recognition layer containing the metals Ti and Al according
to example 2 prior to the anodic oxidation.

FIG. 3 shows the X-ray diffraction spectrum of a wear
recognition layer containing the metals Ti and Al according
to example 3 prior to the anodic oxidation.

FIG. 4 shows the X-ray diffraction spectrum of a wear
recognition layer containing the metal Ti according to com-
parison example 1 prior to the anodic oxidation.

FIG. 5 shows the X-ray diffraction spectrum of a wear
recognition layer containing the metal Zr according to
comparison example 2 prior to the anodic oxidation.

EXAMPLES

For the following examples hard metal substrates exhib-
iting a wear protection coating with an outermost layer of
Al,O, were provided with a single-layer or multi-layer wear
protection layer in a PVD coating installation (Flexicoat;
Hauzer Techno Coating) by means of arc evaporation (arc
PVD). The deposition parameters are indicated in the
respective examples.

Then the coated hard metal substrates were subjected to
anodic oxidation in an aqueous electrolyte bath for an
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anodizing time t,,,; at different voltages U, ;. The thick-
ness of the oxide produced by the anodic oxidation was
essentially proportional to the voltage applied.

The peaks of the X-ray diffraction spectra shown in the
figures for the layers produced according to the examples
were compared with the peak positions of the known refer-
ence spectra (PDF cards) in order to identify the phases
contained in a layer. In the figures the peaks associated with
a phase are therefore marked with the same number (e.g. 1,
2, 3 or 4). Peaks which originate from the substrate body are
marked with the letter “S”. The numbers of the PDF cards
used in each case are indicated in the captions for the figures.

Example 1

Production of a Single-layer Wear Recognition
Layer According to the Invention

Target Titanium-silicon mixed target (Ti:Si = 85:15 atom %)
Deposition 160 A evaporator current, 2 Pa argon, bias 10 V
parameters

Layer Single layer; 0.8 pum thick

Anodic tanoad = 30 56¢; U, ug =35V, 85V, 120 V;

oxidation electrolyte bath: 35% phosphoric acid, 5% oxalic acid, rest

water

The following colours were obtained for the wear recog-
nition layer:

Uanod Colour

35V Blue

8V Pinkish violet
120V Light green

The wear recognition layer deposited by the PVD process
was subjected to an X-ray diffraction analysis prior to the
anodic oxidation. The X-ray diffraction spectrum is repro-
duced in FIG. 1. The comparison of the peaks obtained with
the reference spectra of pure titanium, pure silicon, and
titanium-silicon alloy shows that the deposited single layer
exhibits at least three different metallic phases, a metallic
titanium phase, a metallic silicon phase and an intermetallic
titanium-silicon phase. A further unidentified peak at
approximately 53° 2-theta shows a further probable inter-
metallic phase, however this peak was not found in the
known reference spectra, which leads one to conclude that
this phase has not yet been recorded or published as a
reference.

Example 2

Production of a Single-layer Wear Recognition
Layer According to the Invention

Target Titanium-aluminium mixed target (Ti:Al = 50:50 atom %)
Deposition 160 A evaporator current, 1.5 Pa argon, bias 20 V
parameters

Layer Single layer; 1.0 pm thick

Anodic tanoq = 30 s€¢; Uuug = 50V, 80 V;

oxidation electrolyte bath: citric acid (1 mol/l) dissolved in water

The following colours were obtained for the wear recog-
nition layer:
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U pod Colour
50V Green
80V Yellow

The wear recognition layer deposited by the PVD process
was subjected to an X-ray diffraction analysis prior to the
anodic oxidation. The X-ray diffraction spectrum is repro-
duced in FIG. 2. The comparison of the peaks obtained with
the reference spectra of pure titanium, pure aluminium and
titanium-aluminium alloy shows that the deposited single
layer exhibits at least two different metallic phases, a metal-
lic titanium phase and a metallic aluminium phase. A further
unidentified peak at approximately 43° 2-theta shows a
further probably intermetallic titanium-aluminium phase,
however this peak was not found in the known reference
spectra, which leads one to conclude that this phase has not
yet been recorded or published as a reference.

Example 3

Production of a Multi-layer Wear Recognition
Layer According to the Invention

Target 1 Titanium

Target 2 Titanium-aluminium mixed target (Ti:Al = 50:50 atom %)

Deposition 160 A evaporator current, 1.0 Pa argon, 50 scem N, bias

parameters 60 V

Layer 40 layers (20 Ti layers, 20 Ti—Al layers); each 18 nm thick;
total layer thickness: 0.72 um

Anodic tanog = 30 s€¢; U,,ug = 80V, 150 V;

oxidation electrolyte bath: citric acid (1 mol/l) dissolved in water

The following colours were obtained for the wear recog-
nition layer:

Uanod Colour
80V Reddish gold
150V Blueish green

The wear protection coating deposited during the PVD
process was subjected to an X-ray diffraction analysis prior
to the anodic oxidation. The X-ray diffraction spectrum is
reproduced in FIG. 3. The comparison of the peaks obtained
with the reference spectra of pure titanium, pure aluminium
and titanium-aluminium alloy shows that the deposited
single layer exhibits at least two different metallic phases, a
metallic titanium phase and a metallic aluminium phase. A
further unidentified peak at approximately 37° 2-theta shows
a further probably intermetallic titanium-aluminium phase,
however this peak was not found in the known reference
spectra, which leads one to conclude that this phase has not
been recorded or published as a reference yet.

Electron diffraction (TEM) revealed that at least two
different phases of the phases found in the X-ray diffraction
analysis are present inside at least one individual layer of the
multi-layer layer. As three phases were observed in the
X-ray diffraction analysis and only two different layer com-
positions were deposited in alternation one over another, the
X-ray diffraction analysis shows that at least two different
phases are present in one of the individual layers.
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Comparison Example 1

Production of a Single-layer Wear Recognition
Layer

Target Titanium (160 mm diameter)

Deposition 160 A evaporator current, 1.0 Pa argon, bias 10 V
parameters

Layer Single layer; 1.0 um thick

Anodic tanogd = 30 56C; U pug = 20V, 40 V;

oxidation electrolyte bath: citric acid (1 mol/l) dissolved in water

The following colours were obtained for the wear recog-
nition layer:

Uanod Colour
20V: Pink
40 V: Blue

The wear recognition layer deposited during the PVD

process was subjected to an X-ray diffraction analysis prior 2

to the anodic oxidation. The X-ray diffraction spectrum is
reproduced in FIG. 4. The comparison of the peaks obtained
with the reference spectrum of pure titanium shows that the
deposited single layer consists of a single metallic Ti phase.

Comparison Example 2

Production of a Single-layer Wear Recognition
Layer

Target Zirconium (160 mm diameter)

Deposition 160 A evaporator current, 2.0 Pa argon, bias 30 V
parameters

Layer Single layer; 0.5 pm thick

Anodic tanoqd = 30 56C; U o = 50V, 85V

oxidation electrolyte bath: citric acid (1 mol/l) dissolved in water

The following colours were obtained for the wear recog-
nition layer:

Uanod Colour
50 V: Light blue
85 V: Yellow

The wear recognition layer deposited during the PVD
process was subjected to an X-ray diffraction analysis prior
to the anodic oxidation. The X-ray diffraction spectrum is
reproduced in FIG. 5. The comparison of the peaks obtained
with the reference spectrum of pure zirconium shows that
the single layer deposited consists of a single metallic Zr
phase.

The wear recognition layers of the present invention
according to examples 1 to 3 showed a significantly better
resistance to scratching and abrasion and a visually assessed
higher colour brilliance compared with the layers of the
comparison examples.
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REFERENCES/CAPTIONS

References/caption for FIG. 1:

S Substrate PDF 25-1047
1 Si PDF 40-932

2 Ti PDF 5-682

3 TiSi PDF 27-907

4 Unidentified

I

Intensity (arbitrary units)

References/caption for FIG. 2:

Substrate PDF 25-1047
Ti PDF 5-682

Al PDF 4-787
Unidentified TiAl phase
Intensity (arbitrary units)

—_ W N =W

References/caption for FIG. 3:

Substrate PDF 25-1047
Ti PDF 5-682

Al PDF 4-787
Unidentified TiAl phase
Intensity (arbitrary units)

— W N =W

References/caption for FIG. 4:

S Substrate PDF 25-1047
1 Ti PDF 5-682
I Intensity (arbitrary units)

References/caption for FIG. 5:

S Substrate PDF 25-1047
1 Zr PDF 5-665
I Intensity (arbitrary units)

The invention claimed is:

1. Tool, consisting of:

a substrate body made of hard metal, cermet, ceramic,
steel or high-speed steel,

optionally a single-layer or multi-layer wear protection
coating deposited on the substrate body, and

a multi-layer wear recognition coating comprising at least
four individual layers arranged one over another, the
multi-layer wear recognition coating deposited as the
outermost layer over the substrate body or the wear
protection coating and being produced by deposition of
elemental metals, metal alloys or electrically conduc-
tive metal compounds by a PVD process, wherein

at least one individual layer of the multi-layer wear
recognition coating contains at least two different met-
als,

the wear recognition coating comprises a region produced
by anodic oxidation of the material of the wear recog-
nition coating from the outer surface of the wear
recognition coating to a depth of penetration which
does not extend beyond the total thickness of the wear
recognition coating,

each individual layer of the multi-layer wear recognition
coating exhibits a thickness in the range of from 0.5 nm
to 1 um, and



US 9,464,354 B2

13

the at least one individual layer of the multi-layer wear
recognition coating containing at least two different
metals exhibits at least two different phases prior to the
anodic oxidation and in the regions of the wear recog-
nition coating not oxidised anodically.

2. Tool according to claim 1, wherein the individual layers
of the multi-layer wear recognition coating each exhibit a
thickness of from 5 nm to 250 nm.

3. Tool according to claim 2, wherein the thickness of
each of the individual layers of the multi-layer wear recog-
nition coating is from 10 nm to 100 nm.

4. Tool according to claim 1, wherein the metals contained
in the multi-layer wear recognition coating are selected from
Nb, Ti, Zr, Al, Ta, W, Hf, V, Mo and Si.

5. Tool according to claim 1, wherein the metals contained
in the individual layer of the multi-layer wear recognition
coating containing at least two different metals are Ti and Si.

6. Tool according to claim 1, wherein the metals contained
in the individual layer of the multi-layer wear recognition
coating containing at least two different metals are deposited
by the PVD process from mixed metal targets which contain
all the metals present in the individual layer.

7. Tool according to claim 1, wherein the multi-layer wear
recognition coating comprises 4 to 2000 individual layers
arranged over one another.

8. Tool according to claim 7, wherein the multi-layer wear
recognition coating comprises 20 to 500 individual layers
arranged over one another.

9. Tool according to claim 1, wherein the multi-layer wear
recognition coating exhibits a total layer thickness of from
2 nm to 20 pum.

10. Tool according to claim 9, wherein the multi-layer
wear recognition coating exhibits a total layer thickness of
from 10 nm to 5 pm.

11. Tool according to claim 1, wherein the electrically
conductive metal compounds deposited during the PVD
process are selected from nitrides, carbides and borides of
the respective metals, provided the compounds are electri-
cally conductive.

12. Tool according to claim 1, wherein the single-layer or
multi-layer wear protection coating is arranged on the sub-
strate body under the wear recognition coating.
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13. Tool according to claim 1, wherein the PVD processes
for the application of the individual layers of the wear
recognition coating from elemental metal, metal alloy or
electrically conductive metal compound are selected from
arc evaporation, HIPIMS and dual magnetron sputtering.

14. Tool according to claim 1, wherein the wear recog-
nition coating is removed again from selected regions of the
tool.

15. Method for the production of a tool with a wear
recognition coating according to claim 1, comprising:

applying a multi-layer wear recognition coating from

metal, metal alloy or electrically conductive metal
compound by the PVD process to a tool consisting of
a substrate body made of hard metal, cermet, ceramic,
steel or high-speed steel,

optionally depositing a single-layer or multi-layer wear

protection coating on the substrate body, and

then subjecting the wear recognition coating to anodic

oxidation in an electrolyte bath,

wherein the anodic oxidation is carried out at a DC

voltage and for a time which are selected so that the
anodic oxidation is effected from the outer surface of
the multi-layer wear recognition coating to a depth of
penetration which is less than the total thickness of the
wear recognition coating.

16. Tool according to claim 1, wherein the wear protection
coating is a multi-layer wear protection coating and is
arranged on the substrate body under the wear recognition
coating.

17. Tool according to claim 16, wherein the multi-layer
wear protection coating comprises at least one electrically
non-conductive layer.

18. Tool according to claim 17, wherein the at least one
electrically non-conductive layer is an aluminium oxide
layer.

19. Method according to claim 1, wherein the single-layer
or multi-layer wear protection coating is deposited on the
substrate body under the wear recognition coating.

20. Method according to claim 1, wherein the wear
protection coating is a multi-layer wear protection coating
and is deposited on the substrate body under the wear
recognition coating.



